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We have developed a novel "real time" quantitative PCR method. The method measures PCR product 
accumulation through a dual-labeled rhioioeenle probe (i.c, TaqMan Probe). This method provides very 
accurate and reproducible quantitation of gene copies. Unlike other quantitative PCR methods, real-time PCR 
does nor require post-PCR sample handling. preveniln fi potential PCR product carry-over contamination and 
resulting In much faster and higher throughput assays. The reaMime PCR method has a very large dynamic 
range of starting target molecule determination (at least five orders of magnitude). Real-time auantltarlvc 
PCR is extremely accurate and less labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis has 
had nn important role in many fields of biologi- 
cal research. -Measurement of gene expression 
(RNA) has been used extensively In monitoring 
biological responses to various stimuli (Tan ct al. 
1994; Huang el al. I995a,b; Prud'homnie et al. 
1995). Quantitative gem? analysis (DNA) has 
Ixt-n used to dwilarmine the genome quantity of a 
particular gene, as in the case or tbc human HEA2 
gene, which Is amplified in -30% of breast tu- 
mors (Slamon et al. 1987). Ccnc and genome 
quantitation (DNA and UNA) also have been used 
for analysis of human immunodeficiency virus 
(lllV) burden demonstrating changes in the lev- 
els of vl rus throughout the different phases of the 
disease (Connor et al. 1993; J'latak ct al. jvwb; 
Pintado et al. 1995). 

Many methods have been described for 0u: 
quantitative analysis ot nucleic acid sequences 
0>olh for RNA and DNA; Southern 19/6; Sharp et 
al. 19K0; Thomas 19«0). Recently, PCR has 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (KT)-PCR have permitted the analysis of 
minimal starting quantities of nucleic add (as 
little as one cell equivalent). This has mode jkjs- 
slblc many experiments that could not hove, been 
performed with traditional methods. Although 
PCR has provided a |>owcrfuI tool, it is imperative 



that ll be used properly for qunntiludon (U»«y- 
maekcrs 1995). Many early reports of quantita- 
tive PCR and RT-PCR described quantitation of 
the PCR product but did not measure the Initial 
target sequence quantity. H is essential to design 
proper controls for the quantitation of the initial 
target sequences (Hcrrc 1992; Clementl el al. 
100?) 

KesMirchcrs have developed several metbods 
of quantitative PCR and RT-PCR. One approach 
measures PCR product quantity in the log phase 
of the reaction before the plateau (Kellogg et al. 
1990; Pang ct a). 1990). This method requires 
thai each sample has equal input amounts of 
nucleic add and that each sample under analysis 
amplifies with ide.nl K*l efficiency up to (he. point 
of quantitative analysis. A gene sequence (con- 
tained in all samples at relatively constant quan- 
tities, such as p-aclln) tan bo us«d for sample, 
amplification efficiency normalization. Using 
■"conventional methods of PCR detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is extremely laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for lxilh the target gene and the 
normalization gene). Another method, quantita- 
tive competitive (QQ-WIR, has l>cen developed 
and Is used widely for PCR quantitation. QC-PCR 
relics on the inclusion of an internal control 
competitor in each reaction (Beckex-Andrc 1991; 
Platak el al. »99a«,b). The efficiency of each re- 
action Is normalized to the Internal compel ilor. 
a trnnwn amount of Internal competitor can be 
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added to each sample. To obtain 'rotative quant- 
tatlon, the unknown target PGR product is com- 
pared with the known competitor Itf'.R product. 
Success of a' quantitative competitive I'CU assay 
relies on developing an Internal control dial am- 
piirins with the same efficiency as the uuget mol- 
ecule. The design of the competitor and the vali- 
dation of amplification efficiencies it-quire a 
dedicated effort. However, because Qf ;-lf.:it does 
nut require that PCR pioducts be analysed during 
the log phase of this amplification, it is tin: easier 
vf the two methods to use. 

Several detection' systems aie used for quan 
Utative l'CK and RT-l»Ctt analysis; (1) agarose 
gels, (2) .fluorescent labeling of KIR products and 
detection with In.iKT-induced fluorescence using 
capillary elee.troplKjTw.tis (h'usco ct al. 1995; Wll- 
Hams ei al. 1 996) or acrylamkle gels, imO (3) plate 
capture, and sandwich probe hybrid (/.« I ion (Mul- 
dor el ah 1994). Although these uiclhods proved 
successful, each method requires posl-l'CR ma- 
nlpulaTlons That add time to the analysis and 
nitty lead to lal>u»a(oiy < niitairiinaiion. The 
sample throughput of Hint ludhods !.«. limited 
(wllh (he i-xc.cpiloii of the plate capture ap- 
proach), and, tln:ri:fori'., these methods ore not 
well suited Tin u»o demanding high sample 
throughput (I.e., screening of large numbers of 

blotiiwlt%.ul<;> oi •iiiatyxli'ig Sampli-a fox diagnos- 
tics or clinical trials). 

1 I ere we report the development of ;t novel 
assay for quantitative DNA analysis. The assay is 
based on Oi* usK iif the .5'nuc-leaav assay first 
described by Holland et al. (1993). The method 
imm the 5' nuclease Activity of T<tq polymerase to 
cleave a noncxtcndlblc hybridist ion probe dur- 
ing the extension phase of T'Clt. The approach 
uses dnal-labclcd fluorogenic hybridist Ion 
probes (Lcc ct a). 19i>3; Rassler ct al. 1995; Uvofc 
ct al, 1995o,b). One fluorescent dye serves us a 
reporter (FAM (i.e., o-earboxyfluoresvcin)| and its 
emission spectra is quenched by the second fluo- 
rescent dye, TAMRA (I.e.., o-carboxy-ietramethyl- 
rhodaminc). The nuclease degradation of the hy- 
bridisation probe releases the quenching of Hie 
I'AM fluorescent emission, resulting in an In- 
crease In peak fluorescent emission at S18 mn. 
The use or a sequence detector (AIM Prism) allows 
measurement of fluorescent .<i|>ccini of all yo wells 
of the t normal cycler continuously during the 
l*Cat amplification. Thercfurc, the reactions oje 
monitored in real time. Tlie output data is de- 
scribed and quantitative analysis of input target 
I )NA sequences 15 discussed below. 



RESULTS 

PCR Product Derealon in R«»l Time 

The goal was to develop a high-throughput, sen- 
sitive, awl accurate gene quantitation assay for 
use In monitoring lipid mediated therapeutic 
gene delivery. A plasinid encoding human factor 
VIII gene sequence, pI''8TM (sec Methods). w;is 
used as a model therapeutic gene. The assay use* 
fluorescent Taqman methodology and an instru- 
ment capable of measuring fluorescence in real 
time (AUl I'rism 7700 Sequence Detector). The 
Taqman reaction requires a hybridization probe 
lalsclcd witli two different fluorescent dyes. One 
dye Is a reporter dy« (l-'AM), the other i.< x quench- 
ing dye (TAMRA). When the pn.il m: i.s intact, fluo- 
icsccnl energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAMRA). During iJic extension 
phase of the l'CK cycle, the fluorescent liybrid- 
|y.Alloii probe Is cleaved by the S'-.'l' nuelcolylic 
actWity of the DNA polymerase. On cleavage of 
the probe, the reporter dye emission is no lunger 
transferred efficiently to the quenching dye, re 
Milting l'» on increase of the reporter dyu fluores- 
cent emission spectra. I'CR primers and |>rol>i_-n 
were designed fin the human factor VJ1J se- 
quence and human p-actln gene (as di-.icribed in 
Methods). Optimization reactions were per- 
formed to choose the appropriate probe ami 
magnesium concentrations yielding the highest 
Intensity of re|sortcr fluorescent signal without 
sacrificing specificity. The Instrument uses a 
chargi:>couplcd device (i.e., CCD camera) for 
measuring the fluorescent emission apeetm from 
SOO t«i <"i50 nm. ICach VC.W tube was monitored 
sequentially for 25 rn.sci: with continuous moni- 
toring throughout tin: oiiiplifieitlitjii. liach lube 

won rc-cxamlned every B.5 see. Computer sofi- 
ware. was designed to examine the fluorescent In- 
tensity of both the reporter dye (IWM).and 
the quenching dye (TAMJIA). The lluorcsccnl 
intensity of the quenching dye, TAM11A, changes 
very utile over the course of tlie PCR amplifi- 
cation (data not. shown). Therefore, the intensity 
of TAMKA dye emission serves as an Internal 
.ilondard with which to normal Ixc the reporter 
dye (l ! AM) emission variatJons. Tl>e software 'cal- 
culates a value termed ARn (or ARQ) using the 
following equation: ARn - (lln J ) (Rn') ( where 
Hn 4 • • emission intcjishy \>t reporter/emission in- 
tensity of quencher at any given time In n reae 
tlon tube, and Ru r- emission intensilily of re- 



ft ^ a nh 



From : BML PHONE No. : 310 472 0905 Dec. 05 2002 12:22flM P13 



HI It) f 1 AL. 

porter/Omission ililemity ul qucnclier measured 
prior 10 l'CK ampliiicalion in that same reaction 
tube. 1'or the purpose of quantitation, the last 
three data jiuinis (ARns) collected during the. ex- 
tension step for cadi K:K cycle were analyzed. 
The mideolytic degradation of the nyumh/^iion 
probe occurs during the extension phase of 
and, therefore, reporter fluorescein ciiiuujuii in- 
creases during this lime. 'Jin: thiee. data points 
were averaged for cadi KJk cycle and the mean 
value for each was .plotted in an "amplification 
plot" shown in j'iflure ] A. The Alio meau value is 
plotted on ihe y-axJs, and time, represented by 
cycle number, is plot ted on IheA-axis. During the 
early cycles of the PGR amplification, the ARn 



value remains at bast line When sufficient hy- 
bridist Ion probe has been cleaved by the Tmj 
polymerase nuclease- activity, the intensity of re- 
porter flxiorctccm emission liii.reut.et.. Most VC)K 
amplifi«.*lions reach » plateau phoxo of reporter 
fluorys.ev.iit emission if the rcaeliun Is carried not 
to high cycle number. The amplification plot i'J 
examine d vMly in tb« reaction, at a point that 
■ (.•presents the lOfl phflSO of product arnitnula* 
lion. This is done by usiignlng an arhiUcuy 
threshold thai is based on the variabilily of the 
base-line data. In Figure. 1 A, the threshold was set 
at 10 standard deviations above the mean of 
base line emission calculated from t,yde,M 1 lo J 5. 
Once the threshold is chosen, the point at which 
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Figure 1 PCR product detection in real time. (A) The. Model 7700 *>(tware will const ruct amplification plots 
from the extension phase fluorescent emission data collected during the PCR ampllflcaUon. The standard de- 
viation is determined from the data points collected from the base line of the amplification plot p .values are 
calculated by determining the point at which the fluorescence exceeds a threshold limit (usually 10 times ihe 
standard deviation of the base line). (B) Overlay of amplification plots of serially (1:2) diluted human genomic 
DNA samples amplified with 8-actin primers. (O Input DNA concentration of the samples plotted versus C. T . All 
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the amplification plot crosses the threshold is tie 
fined as C,. C, is reported us the cycle number i« 
ti lis point. As will be domonstrutnd> thu C, value 
1» jjitftiiciive of the quantity of input tnrge.t. 

Values Provide a Quantitative Measurement- of 
input Target Sequences 

Figure ID shows amplification plots c>i' li» 'dirim- 
ent PCR amplifications overlaid. The amplica- 
tions were performed on a 1:2 serial (Mutton •(»". 
human genomic UNA. 'I'hc amplified targcl w:u 
human (J actln. The amplification plorc Jihifl to 
the right (to higher threshold cycles) n.<t the input 
target quantity is reduced. This is expected ho. 
cauxu reactions with fuwer starting eopias of the 
larget molecule require greater amplification to 
degrade enough probe to attain the threshold 
fluorescence. An arbitrary threshold of 10 stan- 
dard deviations above the base line was used to 
determine the C r values. Figure 1C represents the 
C^,. value* plotted versus the sample dilution 
value, Each dilution was amplified in triplicate 
I'f'.R amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. The C r values decrease linearly with increas- 
ing target quantity, Thus, C r values can be used 
as o quantitative measurement of the input target 
number. It should be noted that the amplifica- 
tion plot for the 15.6- ng sample shown In Hgurc 
1H does not reflect the same fluorescent rate of 
Increase exhibited by most of the other samples. 
'Hie 15.6-ng. sample also ac hieves- i:ndix>lnt pla- 
teau at a lower fluorescent value than would be 
expected based on the input DNA. This phenom- 
enon has been observed occasionally with other 
samples (data not shown) and may be attribut- 
able to late, cycle inhibition; this hypothesis is 
still under Investigation. It is imporlnnl to note 
that the flattened slope and early plateau do not 
impact significantly the calculated C, value us 
'demonstrated by the fit on the line shown m 
Figure. 1 C. All triplicate amplifications resulted in 
very similar C,- values— the standard deviation 
did not exceed 0.5 for any dilution. 'HtlS experi- 
ment contains a >1 00,000-fold range of Input tar- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission inlcnslly for 
quantitation. The linear range. ol lluorcsccnl In- 
tensity measurement of the AIM Prism 7700 Se- 



moms over n very large T;nij«c nf r?lntivp wartime 
target quantities. 

Sample Preparation Validation 

Several parameters Influence the ofllcW-nry nf 
PC.K amplification: magnesium and suit concen- 
trations, reaction conditions (i.e., time and tem- 
perature), PCH target size and composition, 
primer sequences, and sample purity. All of the 
.above (actors are common to a single J'CU assay, 
except sample to sample purity. In an effort to 
validate (be. method of sample preparation for 
the iactor VJil assay, J'CK amplication reprodnr.. 
ihility and olflcJency oi 10 replicate sample 
piejxaratioiiR were examined. After genomic DNA 
was prepared from the 10 replicate samples, the 
DNA was quantified by ultraviolet spectroscopy. 
Amplifications were performed analyzing p-aciln 
gem: content In 100 and 25 ng of total genomic 
UNA. Each VCR amplification was performed in 
triplicate. Comparison of C r values for each trip, 
licate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Tabic I). Therefore, each ol the triplicate PCR 
amplifications was highly reproducible, demon- 
strating that real time PCK using this instrumen- 
tation Introduces minimal variation Into the 
quantitative! J'CH analysis. Comparison of the 
mean C, values of the JO replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded sbnilar 
results for ft-actln gene quantity. The highest C.y 
difference between any of the samples was 0,85 
and 0.71 for the 100 and 25 ng samples, respec- 
tively. Additionally, the amplification of cadi 
sample exhibited an equivalent rate of fluorcv- 
cent emission intensity change per amount of 
DNA target analyzed as indicaicd by similar 
sIojks derived from the sample, dilutions (Fig- 2). 
Any sample containing an excess of a 1'CK inhibi- 
tor would exhibit a greater measured |3-aciln O r 
valuc for a given quantity of DNA. In addition, 
the inhibitor would be diluted along with Hut 
sample in the dilution analysis (Fig. 2), altering 
the expected C,. value change. Each sample am- 
plification yielded a similar result in the analysis, 
demonstrating that this method of sample prepa- 
ration Is highly reproducible wllh regard to 
sample purity. 

Quantitative Analvsis of a Plasmid After 
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Tablo 1 . Reproducibility of Samplv Preparation Method 



Sample 

no. 



10 



Mean 



100 ng 



standard 
mean deviation 



CV 



18.24 

18.23 

19.33 

18.33 

18.35 

18.44 

18.3 

18.3 

18.42 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18.54 

18.67 

19 

18.28 

18.36 

18.52 

18.45 

18.7 

18.73 

18.18 

18.34 

16.26 

18.42 

18.57 

1 8.66 

0 10) 



18.27 0.06 



18.37 0.0<S 



18.34 0.07 



18.23 0.08 



1UM2 0.04 



18.74 0.21 



18.39 



18.55 
18.-12 



0.12 



18.63 0.16 



18.29 0.1 



0.12 
0.17 



0.32 

0.3? 

0.36 

0.46 

0.23 

1.26 

0.66 

0.83 

0.55 

0.6S 
0,90 



20.48 

20.55 

20.5 

20.61 

20.59 

P0.41 

20.54 

20.6 

20.49 

20.48 

20.44 

20.38 

20.68 

20.87 

20.63 

21.09 

21.04 

21.04 

20.67 

20.73 

20.65 

20.98 

20.84 

20.75 

20,46 

20.54 

20.48 

20.79 

20.78 

20.62 



25 ng 



standard 
mean deviation CV 



20.51 0.03 0.17 

?0.54 0.11 0.54 

20.54 0.06 0.26 

20.43 0.05 0.26 

20.73 0.13 0.61 

21.06 0.03 0.15 

20.68 0.04 0.2 

20.86 0.12 0.57 

20.51 0.07 0.32 

20.73 0.1 0.-16 

20.66 0.19 0.94 



(or containing a partial cONA for human factor 
Vlll, n» ; 8TM. A series of transfections was sot 
up ustng a decreasing amount of the plasinid s (40, 
4, 0.5, and 0.1 ug). TWf.iiiy-rour hours posl- 
transfeciion, total r>NA was purified from each 
flask of eells. p-Aclin gene quantity wai (/1k»m.-ii as 
a value for normali^ai'nui of genomic DNA C011- 
ccnrraUon from tradi sample. In this cxpeiimcnt, 
B-aetin gene content should remain constant 
relative to toral genomic UNA. Figure 3 show* the 
result of the p-actln UNA measurement (100 ng 
total DNA determined by ultraviolet spectros- 
copy) of each samjile. Kach saivipte was analyzed 
in triplicate and the mean p-acttn Cr values of 
the triplicates were plotted (error bars represent 

r.vsn «*-j»i.l«Ml rluwial ton I 'I Y\f <1 if fCrmf P 



Uetvwwn any two sample* moans was 0.95 C,- 'Jen 
nanograms of total DNA of each sample were also 
rxamiriRd for 0-aclln. The results again >ln>wed 
that vrry similar amounts of genomic 1>NA were 
present; the maximum mean |i actio C, value- 
difference W4A 1 .0. Aa I'igurc 3 shows, the rale of 
fi-actln CJ r change between the 100 and 10-»g 
sajni>les was similar (slope values ra»g« butwoen 
3.56 and -3.45). This verifies again thai ihc; 
method of sample preparation yields samples of 
identical PC.R integrity (i.e., no sample contained 
an excessive amount of a VCR Inhibitor). How- 
ever, these results indicate that chcIi sample con 
talned slight diffcienees in the actual amount of 
genomic 1>NA analyxcd. Determination of actual 
tiuiiuuiic 1>NA (.onccjit ration wos accomplished 
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Figure 2 Sample preparation purity. 1 he replicant 
samples shown In Table 1 wore also amplified In 
tripicate using 25 ng o( each DNA (ample. The fig- 
uife shows die input DNA concentration (100 acid 
25 ng) vs. C, In ihp figure, ih*» 100 and ?n ng 
points (or each sample are connected by a line. 



by plotting the mean fJ-actio C, value obtained 
for uach 100 ng samplv wn .» p-actln standard 
uiive (shown In Pig- The octunl gcnonilc 

1>NA concentraO<»« "f each smnpic, «, was ob 
tallied by extrapolation 1«> tliu x-axls. 

Figure 4A shows the measured (t.u., nun. 
normalised) quitiililic:. of factor VJJJ pln.Mnid 
ONA (pF8TM) from each of tin: four transient cell 
Ira infections. Each reaction contained 100 ng Of 
total sample. UNA (as determined by UV spectro* 
copy}, liach sample was analyzed in triplicate 
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Figure 3 Analysis of lidiisfectcd cell DNA quantity 
and purity. I he DNA preparations of the lour 293 
cell transections (40, A, 0.5, and 0.1 ».g of pF8TM) 
were analysed for the P-actln gene. 100 and 1 0 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM that was transfectcd, the ji-actln 
C T values are plotted versus the total Input DNA 



I>c:r< srmplificatiuns. As shown, pl-'BTM purified 
.fwjic Jbe 203 colls decreases (mean C, values in- 
ctu:»A) with decreasing amounts of plasmid 
.triHtsli'UCCi. The mean Cj values obtained for 
phUTW in 'Figure 4A were plotted on a standard 
curve comprised uf scilully diluted pFHTM, 
shown .in Figure 4B. The quantity uJ pl-XTM, b, 
found in each of the four iransfectlons was de- 
termined by extrapolation to the * axis of the 
standard curve In Figure 4B. TlKtsc uncorrected 
values, b, for pVHTM were noritiMll/wd to deter- 
mine: the actual amount of pl'8TM found per 1 00 
riK of genomic DNA by using the equation:. 



/> x 100 ng 



UCIual pFSTM copies per 
r 100 ng of genomic DNA 



where a •- actual genomic DNA in u sample and 
b 1- pFH'FM copies from the standard curve. The 
normalised quantity of pI'BTM per 100 ng of ge- 
nomic DNA for each 0/ the four Iransfectlons Is 
shown In Figure 4JJ. 'ilic-w roulls show that the 
quantity of factor Vlll plasiuld associated Willi 
the 29.1 cells, 21 hr after tr«nsfwti«in ( di:<.ic.iscs 
with decreasing pJtismul uiiii.uiuiatlon used in 
the transfer Urn. The quantity of pl'tJ J'M associ- 
ated with 293 cells, after transfection with 40 jtg 
of p-iasmid, was 35 pg per 100 ng genomic DNA. 
This results in -520 plasnild copies per cell. 



DISCUSSION 

Wo have described a now method for quantitnt- 
ing gene copy numbers using real-time analysis 
of PCR amplifications. Real-time PCK is compat- 
ible With Cither of the IWO PCR (KT-PCR) ap- 
proaches: (1) quantitative competitive where an 
interna) competitor for each target sequence is 
used for noimaliKaUon (data not shown) or (2) 
quantitative comparative PCR using a iiuniidliza- 
tion gene contained within the sample (I.e., p. a c- 
tin) ox a "housekeeping'.' gene for KT-PCK. If 
equal amount.s of nucleic acid are analyzed for 
each sample and if the amplification effitimey 
befcjre q uantlt.it! ve analysis identical for each 
sample, the. tmcrnal cojilml (nuimidi^ilion gene 
i>r competitor) should give equal siKnali for fll) 
samples. 

The real-time PCK method offers several ad- 
vantages over the other two methods currently 
employed (see the introduction). I'irst, the real- 
time PCR method Is perfomud in a dosed-tube 
system and requires no post-PCR manipulation 
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Fl g ..r« 4 Quantitative analysis of pFSTM in transacted cells. (A) Amount of 
plasmid DNA used (or I lie transaction plotted against Hie iihhjm C, value deter- 
for P r8TM remaining ?A hr alter tronsfoctlon. <fl,Q Standard curves of 
pf-RlM and fJ-actln. respectively. pfgYM DNA <fl> and genomic UNA (Q were 
dllutftd fftrlally 1:i before amplification with the appropriate primers. The fj-actin 
standard curve wa* usod to normalise the results of A to 1 00 ng of genomic DNA. 
(0) The amount of pF8TM present per 100 ng of genomic DNA, 



of wmplv. Therefore, I In- potential for PCR con- 
tamination in the laboratory is reduced because 
amplified products can h<> aimly/wl and disposed 
of without opening the roaaion tubes. Second, 
this method suppoiU usw of a iioruiiilix.iilloil 
gene- (i.e., p-nctin) for quantitative. PCR or house- 
keeping genes for epmotitntive RT-l'Ck controls. 
Analysis Js performed in real time during the Jog 
phase of product accumulation. Analysis during 
lug phase permits many different genes (over a 
wide input target range) to be analy>.cd simulta- 
neously, without concern of reaching rwvtlon 
plateau at different Cycle*. This will make wuHI- 
gene analysis assays much casle.i lu develop, be- 
cause individual internal iniitpcUtui* will not be 
needed for coch gene under analysis. Third, 
.-.ample throughput will hmeaMs diautaiUally 
with the new method because then' is no post- 
J'CR proccislng time. Additionally, winking lit a 
W-wcll formal is highly compatible with auto- 
uiation technology, 

The real-time PCR method is. highly reprn. 
dueible. Replicate, amplifications can be analyzed 



for <?»ch sample minimising j>otcntl«l <?rror. The. 
xyswtm allows i"<u a very large assay dynamic 
ruiige (approaching l,0O0,o<XMohl Marling tai- 
gcl). Using u standard curve for the. target ol in- 
terest, relative copy number values can be clcler- 
mlncd for any unknown ?>Biijpk\ Fluorescent 
threshold values, C r , conclair. linearly with rela- 
tive 1>NA copy numbers. Real time quantitative 
KT-PCK methodology (Gibson et al v this l.«u«i) 
has also been developed, finally, real lime quan- 
titative I'Cll methodology can be used to develop 
high-throughput screening assay* for n -variety of 
applications [quantitative gene CApieasiuu (RT- 
rOR), gene copy assays (Mcrfc, 11 IV, etc.), geno- 
typing (knockout mouse, analysis), and Inimunif 
PCRJ. 

I\cal-time PCR may aim lie j>crformcd using 
intercalating dyes (Higur.hi cl al. such as 

ciJiJdium bromide. The fluorogenic probe 
method offers a major advantage over inter- 
calating dyes- greater specificity (i.e., primer 
dinners and nonspecific PCR products are not de- 
tfA-ied). 
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METHODS 

Generation of << Plasmld Containing s Partial 
cDN A Tor Human Factor VIII 

Total RNA v»d» harvralcd (ttNAw»l It front T*J Twt, Int., 
rr>c.«dsvvood, TX) from culls. I i-«i»*r*cled wlU\ a factor Vlll 
rxjirtsaluii vector, pCISZ.tk?.£>l> (Katoit el al. IVH6; Gor. 
mnn et al. 1900). A factor VIII partial cl>NA serpientv WAS 

^•■u.micd i>y in* l'f:it |<:«.ii*Anip l!Z Cl'ili ItN* Itf'Jt XH 
(pan NWifwn /s, i*h Applied bitisystcm.s I'ostvi City, tiA)l 

Uilnp Ok- I'C.-ll priuiurs FHfor 1-Hrev (pritm-r sequences 

are shown below). Tin- atnpllcou was reamplified USlnR 
modified Iflfor and Wrcv primers (appended with Kami II 
and //mdtll restriction site sequences »i tliv V mult and 
cloned Into jXiHM- 3Z (Promt^a CUirp., Madison, Wl). The 
resulllnRcinne, pVSVM, was used l«r transient transfenlon 
of 293 cell*. 



Amplification of Target DNA ami Dulectlon of 
Amplicpn Factor VIII Plasmid DNA 

(pr'HTM) was amplified with the jMiu«.-i» l-Hfor S'-C<;<:- 

C'l'tK^jWliAUlXJAtXilCiTC-.T and l-Srcv S'-AAACCl- 
t W5CXrrOCJA'IX«j'l - AfiCi-S'.Hi« rvnellon pioducrd « -t?.JU 
up pc:K product. The forward primer was de>lxiiud to ivv 
ognlxc u unique M'tpiuuv ftniud In the 5' untranslated 
rejjlon of till.! panriil uC152,tk2al> plaMttid mid thuirfore 
does not k'uiikxLau and amplify llw human factor VIII 
gene. I'rimor* woro chosau with the awi*\*tu-o of I Wo com. 
pulcr program Olis« 4.0 (Kutimiul lliuscionccs, lnv>, I'ly. 
mouth, MN). The human p-actln gem* was amplified with 
the primers |J-nt ii>i forward primer S 1 -TCACOOAOAf riCT 
GCCCATCrAGGA-3' and p-actiu reverse p> inter .V.( :A(J. 
C0CAACCC;cri<:Ari{;<:c^AJGG-3'. The reaction pro- 
ciueeo a zvs-np K:u product. 

Amplification reaction* (SO pJ) contained <t DNA 
sample, Hlx POH Huffc.r II (a »<.l), 200 u.M dATl', dCTl', 
dOTP, and 401) |».m dl)TI>, A mM MgCI,, 1.2.S Units Ampll 
7i«; DNA polymerase, 0,5 unit AmpKrose uracil rt-jjiy- 
«.t>.iyluw <UNG), SO pinok- of each fnctoi VIII )m-Iiiki, und 1£ 
pinole <rf uuoli |< actln pilni^r. '11»« i<-ai ll<nvv utMi »inlalnc<] 
one of the fQl'owii>){ d''tcrti<in pmix's (i(«J ni< rnrl«)4 
I'tiprobo v(VAM)Acierr<7i'<:(:AC.<vr<.c?ni:i"rix:vc,r- 

GCCTT(TAMRA)p J' «ud Q-nttin prolw 5' (FAM)ATG(U X :- 
X("1AMKA)CCCCGATCGCATC,>-.T where p irtdlcates 
phosphorylation and X Indicates a linker arm nucleotide. 
Reaction IuIk*» wrtv Mi<:n>Ait\p (')ptieal Tuhcs (part AUirl- 
l.ier NKOI 09.13, l*crkln lUuwr) tliat wurvfroMwl (at IVrkln 
F.lnicr) to prvvt-iil light from reflecting, Tube cap* were 
similar to MicmAiiip c;njw iHil specially designed to pre- 
vent UrIh seullcpiis. AII <>l Hi<- IK'M CutiMmMihU-n were su>>- 
l<li%:<i I>y PK Applied ltio<y»t«ni« (IVijIor Glty, CA) except 
thr factor VIU prliuen, wliliH v»eif syndirslzrd ut (Jenvn 
lcclt, Inc. (Stuilli f.«n rrancisco, CA). I'rolies wiw dcs%nc-<l 
using the OlifitJ 4.0 software, follawlnj; guidelines kiij;- 

Sesieci in me Model 7700 .sequence i>et«tt>r tiiatiumwil 
manual. Briefly, probe T„ iliimlit he al least 5 U C lllfther 
Ulan »He annvalltiK t«riu|^.'i«iurR used tlurlnj; Ihrrmal cy- 
rlitig; primers sliinild not Xuun aulik- Ouplexea* with Ihe 
probe. 

The theminl rycling cunditloivs Included 1 nilri at 
St)"C and 10 miti ut 95"C. ■Ilinriital cycling procrrdrd with 



reactions were performed i»» thf Modal 77(Hl.^rc^UCna• IV- • 
tit-tor (I'li Applted Ulusyvltfuiw), wlilch contains a Ceor. 
Ani|> W:U Syslwm »<AtO. lUtactlon ctuidiliou« were pro. 
RruiiiincU on .i 1'iiwvr MacinU»h VI 00 (Apple Ciampnt^r, 
Santa Qara, t^\) linked dirvttly to the Model V?0ft 
(jucnev IXilaclor. Ana'y»lo of data w»« also performed on 
the M«i lnt<«h computer. Collnetlon and analyKlt uiftwarc 
wan Uevelri|wl at W. Appliet! Hlosyntums. 



Traiufection of Cells with Factor Vlll Conslrutl 

Knur T17S flasks of 293 cells (ATCO C:R1. 1573), a human 
fetol kidney Bttspeiiision cell line, wvre h">wu lo 80% con- 
llueney and transfcWd plWM. Cells were grown In tlio 
following media! S0% HAM'S VX2 without GUT, 50% Ii»m 
glucose JlitllH.wt's modified Kojjlemeiliui'i (UMliM) wlUw 
otn Rlycinu will) sodium bicarhonate, 10% letal Imvitie 
sctuiii, 2 iiim t-^luloininc, »nd 1% penidllin-strcptomy- 
ilii. The media was dtanft'cd 30 mln More the iransfcc 
lion, pI'UTM DNA amounts of 40, 4, OS, and 0.1 w; were 
iiditwl it» 1.fi ml of n solution containing 0.I2.S m CmO,- 
and 1 x Ul'A'VS. The four mixtures were left al room tfin- 

|.K-rwt<ire fen 1«l niln and then ad«le>l dmpwl.ii- to the cells. 
The a»»k» wvi«-.iMi.uUi(cd al 37°C and 5,W. Cx\ for 24 hr, 
washed with PltJi, and nuu*pc.ndcd In PltS. The N'kiik 
jn-nd^l celh were divided into alitpjols und DNA was tn- 
tr»i«t<d Immedlutely tuinR IheQIAa/up Bk««l Kit (Qlagen. 
QjolJWJrtl), <.'A). I>NA wa). duted Into 200 p.1 of 30 mM 
TrU-UCJ al pll B.0, 
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